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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to a novel cytocidal modified immunoglobulin and a process for the 
preparation thereof, and more particularly relates to a novel cytocidal modified immunoglobulin 
comprising an immunoglobulin, which is capable of selectively binding to a particular antigen possessed 
by a cell to be killed (hereinafter referred to as a target cell), or its fragment having an antigen-binding 
moiety, whose amino group is linked with a mitomycin C derivative and a process for the preparation 

iq thereof. 

Description of the Prior Art 

It is a publicly known art to have the carboxyl group of an antibody linked with mitomycin C by 
allowing a large quantity of mitomycin C to contact with an antibody protein in the presence of water- 
75 soluble carbodiimide (Japanese Patent Application Laid-Open No. 92325/80). 

In this publicly known method in which a condensing agent of 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide is used as a means for forming the amide linkage beween the amino group and the carboxyl 
group, undesirable phenomena such as an intramolecular reaction between the amino group and carboxyl 
group in the molecule of an antibody protein and an intermoiecuiar reaction between such groups of the 
20 antibody molecules take place, thus causing a considerable loss of the antigen-recognizing activity of the 
antibody or the formation of macromolecular aggregates whose presence in the drugs is undesirable. 

To minimize such undesirable phenomena, mitomycin C which constitutes the amino component to be 
used in the abovementioned method must necessarily be used in a large excess in the reaction. This is not 
an advantageous mode of production from the industrial viewpoint. 
25 There is another publicly known method of obtaining a conjugate of an antibody and mitomycin C by 
treating the antibody protein with cyanogen bromide, followed by the treatment with a large quantity of 
mitomycin C (Japanese Patent Application Laid-open No. 135421/51). However, this process can hardly be 
said to be useful from the industrial viewpoint because in the conjugate obtained according to this method, 
only one molecule of mitomycin C is linked to this method, only one molecule of mitomycin C is linked with 
30 the antibody protein molecule. „ 

Methods by which conjugates of macromolecules and compqnds containing a single primary amine or 
hydroxyl group may be obtained are disclosed in U.S. patents Nos. 4,069,105 and 4,223,013 respectively. A. 
H. Blair et ai. in the Journal of Immunological Methods 59 (1983) 129—143 reviews linkage of cytotoxic 
agents to immunoglobulins. 

35 

SUMMARY OF THE INVENTION 
As a result of extensive study, the inventors of the present invention have come to find that a modified 
immunoglobulin obtained by making a mitomycin C derivative, which contains an active ester group in its 
structure, react with an immunoglobulin to have its amino group linked with said active ester group, has an 
40 excellent selective cytocidal property and that this is a modified immunoglobulin which can be prepared 
very advantageously on an industrial scale, thus completing this invention. 

The present invention is directed to a cytocidal modified immunoglobulin expressed by the following 
formula (I) 

CH 2 OCONH 2 \ 
~^-OCH 3 ~ (I) 

u l. ^NCO-R-CONH-7Ab 

n 

(wherein Ab represents an immunoglobulin or its fragment; R represents a divalent organic group; 
and n is an integer from 1 to 20), 
and a process for the preparation thereof comprising allowing a mitomycin C derivative expressed by the 
55 following formula (II) to react with an immunoglobulin or its fragment 

O 

NHy^X^ ^CH 2 0C0NH 2 




**^ r X 1 s CH 2 OCONH 
O 1 L>CO-R-< 

mo^of^he aSfv^JsterT^ 16 " 1 9r ° UP ^ X represents 3 resldue arlsln 9 from the alcono1 



^ ' ^ COOX 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. 1 to 3 show how effectively the cytocidal modified immunoglobulin of the present invention 
functions in inhibiting the proliferation of mouse mammary carcinoma MM46 cells. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
In the abovementioned formulas (I) and (ll) f R 2 represents a divalent organic group and alkylene groups 
having 2 to 7 carbon atoms such as ethylene group, trimethylene group, tetramethylene group, penta- 
methylene group, 2-methyrtrimethylene group, etc. may be mentioned as desirable ones and especially 
desirable one is the trimethylene group. As the alcohol rest of an active ester expressed by X in the formula 
(II), succinimidyl group, 5-norbornane-2,3-dicarboxyimidyl group, phthalimidyl group, p-nitrophenyl 
group, 2,4-dinitrophenyl group, 2,4,5-trichlorophenyl group, pentachlorophenyJ group, etc. may be 
mentioned. 

What is referred to as an immunoglobulin in the present invention means an immunoglobulin which is 
capable of binding to a particular antigen possessed by a cell to be killed. And such immunoglobulin to be 
used in the present invention is a globulin (antibody) which can be obtained, for instance, from the 
antiserum taken from man or such animals monkey, horse, ox, goat, sheep, rabbit, guinea pig, hamster, rat, 
mouse, etc. that are immunized with tumor cells, or target cells such as certain lymphocytes, or tissue 
containing such cells, by any of publicly known methods including ethanol fractionation, ammonium 
sulfate fractionation, ion exchange, molecular sieve column chromatography, etc.; or from a culture 
solution of cells obtained by the cancelation of antibody-producing cells which are collected from an 
animal immunized with the target cells, with a cancer-causing virus, or a culture solution of the desired 
antibody-producing clone selected from the hybridoma obtained by hybridizing an antibody-producing cell 
with a myeloma cell, etc., or from the serum or ascitic fluid of an animal inoculated with such hybridoma. 
The immunoglobulin comes under five categories, i.e. IgG, IgA, IgM, IgD, and IgE, and all of them are 
applicable to the present invention. 

In the present invention, both the immunoglobulin itself and its fragment (i.e., Fab, Fab', F(ab') 2 or a 
dimer of Fab'), so far as the fragment contains a moiety which is capable of binding to an antigen, can be 
used. ... r, q 

Since an immunoglobulin or its fragment has in its molecule plural termianl amino groups or amino 
groups arising from lysine, a. constitutive amino acid, these amino groups are advantageously utilized in 
the preparation of the cytocidal- modified immunoglobulin of the present invention. The number of 
utilizable amino groups should desirably be in the range of 1 to 20. The cytocidal modified immunoglobulin 
expressed by formula (I) of this invention is prepared by making a mitomycin C derivative expressed by 
formula (II) react with an immunoglobulin or its fragment. This reaction is carried out by adding a 
mitomycin C derivative of formula (II), which is dissolved in a small amount of a solvent such as N,N- 
dimethylformamide, methanol, ethanol, and acetoe, to a buffer solution (pH 5 - 8) of immunoglobulin or 
its fragment (protein concentration preferably adjusted to 0.5 - 100 mg/ml), desirably at a ratio of 1 ~ 50 
moles of the mitomycin C derivative to 1 mole of the immunoglobulin or its fragment, at 0 to 40°C with 
stirring, and by allowing the mixture to react for 15 minutes to 12 hours. Thereafter, the reaction product is 
subjected to gel filtration or dialysis to remove the unreacted mitomycin C derivative and low-molecular- 
weight reaction product and purify the obtained cytocidal modified immunoglobulin. 

The mitomycin C derivative expressed by formula (II) to be used in the present invention can be 
prepared from the starting materials mitomycin C and acid anhydride of dibasic carboxylic acid processed 
in accordance with the route mentioned below. As the desirable acid anhydride to be used, succinic 
anhydrice, glutaric anhydride, 3-methylglutaric anhydride, etc. may be mentioned. 
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> 

10 mitomycin C tetrahydrofuran 




The cytocidal modified immunoglobulin obtained in the present invention has a selective cytotoxic 
activity against the target cells. 
45 The following examples and referential examples are presented to further illustrate the present 
invention. 



Referential Example 
Preparation of rabbit anti-L1210 immunoglobulin: 

so An emulsion prepared from 10 6 of mouse leukemia L1210 cells and Freund's complete adjuvant was 
intravenously injected to rabbits. Thereafter, about 10 6 of L1210 cells, together with the adjuvant, were 
subcutaneously injected to the rabbits three times at one-week intervals and the rabbits were bled 8 days 
after the day of final injection. The obtained blood was pooled and serum was separated from the mixed 
blood. The serum was then inactivated at 56°C for 30 minutes. 200 ml of a saturated aqueous solution of 

55 ammonium sulfate was added to 200 ml of thus obtained anti-L1210 antiserum and the formed precipitate 
was separated by centrifugation. The obtained precipitate was dissolved in 50 ml of 0.1 M phosphate buffer 
{pH 7.6) and dialkyzed thoroughly against the same buffer. The dialyzate was subjected to diethylamino- 
ethyl cellulose column chromatography {column size 3 cm x 94 cm) equilibrated with the same buffer to 
obtain a solution containing the desired rabbit anti-L1210 IgG antibody as an unadsorbed fraction. 

60 : 

Reference Example 2 

Preparation of mouse monoclonal anti-MM46 immunoglobulin: 

A hybridoma secreting mouse monoclonal antibody igG2b against mouse mammary carcinoma MM46 
cells (see Seto et al. f Journal of Immunology, vol. 128, page 201, 1982) was implanted to BALB/c nude mice 
ff5 and their ascitic fluid was obtained 10 days thereafter. 
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After 4 ml of thus obtained ascitic fluid was dialyzed against 0.1 M phosphate buffer (pH 3.0), the 
diaiyzate was passed through a column (1.5 cm x 22 cm) of Protein A Sepharose CL-4B equilibrated with 
the same buffer. The column was washed thoroughly with the same buffer, eluted with 0.1 M citrate buffer 
(pH 4.5) to remove nonspecific immunoglobulin, and then with 0.1 M citrate buffer (pH 3.5) to give the 
5 desired mouse monoclonal anti-MM46 antibody lgG2b (10 mg). The eluted antibody was made to 
precipitate by 50% saturation with ammonium sulfate. The precipitate was again dissolved in a small 
quantity of 0.9% sodium chloride solution and was dialyzed thoroughly against 0.1 M phosphate buffer (pH 
7.5) containing 0.1 M sodium chloride (hereinafter called buffer A). 

1Q Example 1 

CH 2 OCONH 2 
OCH3 

75 



20 



25 





1a-[4-(/V-Succinimidoxycarbonyl)butyryl]mitomycin C 




2OCONH2 
OCH3 



NCCHCH 2 f 3 CONH-4— IgG2b 
/n 

30 (a) Preparation of cytocidal modified immunoglobulin: :.r 

0.1 ml of dimethylformamide containing 071 mg of 1a-[4-(A/-succinimidoxycarbonyl)butyrylJ- 
mitomycin C dissolved therein was added to 5.1 ml of buffer A containing 9.74 mg of mouse monoclonal 
anti-MM46 antibody lgG2b dissolved therein prepared in the preceding Referential Example 2 little by little 
with moderate stirring and thereafter the mixture was allowed to stand at 4°C for 5 hours to complete the 

35 reaction (that is, the reaction was carried out by adding 20 molecules of mitomycin C derivative to 1 
molecule of antibody). The reaction solution was subjected to gel filtration on a Sephadex G—25 column 
(1.0 cm x 48 cm) in 0.9 sodium chloride solution to remove the unreacted mitomycin C derivative and iow- 
molecular-weight reaction product, thus giving 4.3 ml of the desired cytocidal modified immoglobulin 
solution. 

40 The concentration of mitomycin C residue linked in the cytocidal modified immunoglobulin was 
determined to be 20.9 ug/ml from the absorbance at 360 nm and the concentration of lgG2b was 
determined to be 1.30 mg/ml from the quantitation of protein according to the Bio-Rad protein assay (M. 
Bradford, Analitical Biochemistry, vol. 72, p. 248, 1976). From these values, the number of mitomycin C 
residues linked to one molecule igG2b antibody is assumed to be 7.7. 

45 

(b) Determination of activity of cytocidal modified immunoglobulin to inhibit proliferation of cancerous 
cells in vitro: 

The cytocidal modified immunoglobulin prepared in the preceding (a) was added to mouse mammory 
carcinoma MM46 cells cultured in vitro at the concentration of 0 - 1 500 ug/ml in terms of mitomycin C and 

so the culture was continued for 48 hours. The number of viable cells was determined under a microscope by 
staining the cells with Trypan Blue. A modified bovine serum albumin was separately prepared by 
modifying a bovine serum albumin, which had no specific affinity for MM46 cells, with 1a-[4-(/V- 
succinimidoxycarbonyl)butyryl]mitomycin C according to the same method as that in the preceding (a), 
and this was used as a control. The result of the experiment is shown in Fig. 1. 

55 It is confirmed from Fig. 1 that, though the modified albumin shows an inadequate activity, the 
modified immunoglobulin of the present invention has a strong activity to inhibit the proliferation of the 
cells varying in accordance with the concentration of mitomycin C derivative, thus providing that the 
modified immunoglobulin reacted specifically with the target MM46 cells. 

60 
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The culture conditions were as follows: 

The number of cells when 

the culture started — 2.5 x 10 4 cells/ml, 0.2 ml 

Culture medium — RPMI1640 + 10% fetal calf 

serum + 20 \M 2-mercaptoethanol 

Temperature — 37°C 

Atmosphere — 5% carbon dioxide 



Example 2 

(a) 12 |il of 70 mM DMF solution of 1a-[4-(/V-succinimidoxycarbonyl}butyryl]mitomycin C was added to 
is 1.0 ml of 0.1 M phosphate buffer {pH 7.0) containing 5.3 g of rabbit IgG obtained in Referential Example 1 

while being cooled with ice, and the mixture was allowed to stand at 4°C overnight to complete the 
reaction. After the precipitate was separated by centrifugation, the supernatant solution was subjected to 
gel filtration an Sephadex G — 25 column {column size 1 cm x 40 cm) in 10 mM phosphate buffer — 0.14 M 
sodium chloride, pH 7.0 to collect the fractions of the high-molecular-weight material, thus obtaining the 
20 desired rabbit IgG modified with a mitomycin C derivative. 

(b) The quantity of mitomycin C residue linked in the modified rabbit IgG obtained in the preceding (a) 
was determined from its absorption in the ultraviolet as follows. The modified rabbit IgG exhibited its 
absorption maxima at 280 nm and 360 nm, and the concentration of IgG protein was determined from the 
absorbance at 280 nm and the concentration of mitomycin C residue was determined from the absorbance 

25 at 360 nm. The number of mitomycin C residue contained in one molecule of IgG is obtained as the ratio 
between the two molar concentration values. It was found that the modified globulin obtained in the 
preceding (a) had 7.6 mitomycin C residues per IgG molecule. 

The modified immunoglobulin obtained in this Example displayed a cytocidal activity against mouse 
[eukemia L1210 cells. : " ; 

30 ^ Example 3 

(a) Determination of activity of cytdcidal m^ to inhibit proliferation of cancerous 

cells//) vitro: xr ' 

The cytocidal modified immunoglobulin prepared in Example 1, (a), was added to mouse mammory 
carcinoma MM46 cells cultured in vitro at the concentration of 0 - 1500 ug/ml in terms of mitomycin C and 
35 the culture was continued for 48 hours. The number of viable cells was then determined under a 
' microscope by staining the cells with Trypan Blue. The anti-MM46 immunoblogulin which was not 
modified with 1a-[4-(/V-succinimidoxycarbonyl)butyryl] mitomycin C was used as a control for comparison. 
The result is shown in Fig. 2. 

It is confirmed from Fig. 2 that, while the unmodified immunoglobulin shows no cytocidal activity, the 
40 cytocidal modified immunoglobulin of the present invention has a strong activity to inhibit the proliferation 
of the cells varying in accordance with the concentration of the mitomycin C derivative, thus proving that 
the cytocidal modified immunoglobulin reacted specifically with the target MM46 cells. 
The culture conditions were as follows: 

45 The number of cells when 

the culture started — 2.5 x 10 4 cells/mi, 0.2 ml 



Culture medium — RPMI1640 + 10% fetal calf 

serum + 20 uM 2-mercaptoethanol 

Temperature — 37°C 

Atmosphere — 5% carbon dioxide 

55 (b) Determination of activity of cytocidal modified immunoglobulin to inhibit proliferation of cancerous 
cells in vitro: 

The cytocidal modified immunoglobulin prepared in the aformentioned Example 1, (a), was added to 
mouse mammary carcinoma MM46 cells cultured in vitro at the concentration of 0 - 1500 ug/ml in terms of 
mitomycin C, and the culture was continued for 48 hours. The number of viable cells was determined under 
60 a microscope by staining the cells with Trypan Blue. Nonspecific immunoglobulin of normal mouse which 
had no specific affinity for MM46 cells was modified with 1a-[4-(/V-succinimidoxycarbonyi)butyry li- 
nn itomycin C according to the same way as the aforementioned Example 1, (a), and was used as a control 
- for comparison. The result is shown in Fig. 3. 

Fig. 3 clearly shows that, while the modified nonspecific immunoglobulin displays a very weak activity, 
65 the cytocidal modified immunoglobulin of the present invention has a strong activity to inhibit the 
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proliferation of the cells varying in accordance with the concentration of mitomycin C derivative, thus 
proving that the cytocidal modified immunoglobulin reacted specifically with the target MM46 cells to exert 
a cytotoxic action on them. 

The culture conditions were as follows: 

The number of cells when 

the culture started — 2.5 x 10 4 cells/ml, 0.2 ml 

Culture medium — RPMI1 640 + 10% fetal calf 

serum + 20 iiM 2-mercaptoethanol 

Temperature — 37°C 

Atmosphere — 5% carbon dioxide 



Claims 

1. A cytocidal modified immunoglobulin expressed by formula (I) 

20 / O 



25 



30 



35 



40 



45 




(I) 



{wherein Ab represents an immunoglobulin , or its fragments; R represents a divalent organic group; 
and n is an integer from 1 to 20). V . _ m 

2. The cytocidal modified immunoglobulin according to Claim 1, wherein said R in formula (If 
represents an alkylenejgroup having 2 to 7 carbon atoms. 

3. The cytocidal modified immunoglobulin according to Claim 1 or Claim 2, wherein said R in formula 
(I) represents the trimethylene group. 

4. A process for the preparation of a cytocidal modified immunoglobulin expressed by formula (I) 




^CH 2 OCONH 2 \ ^ (I) 



j^OCHa 
\ ]> CO-R-CONH-/Ab 



n 



(wherein Ab represents an immunoglobulin or itsfragment;R represents a divalent organic group; and 

n is an integer from 1 to 20), 
characterised by allowing a mitomycin C derivative expressed by formula (II) to react with an 
immunoglobulin or its fragment 



O 



1 1 J^OCHa 

ca 'VcI>= 



(II) 

fCO-R-COOX 

55 (wherein R is as defined with regard to formula (I); and X represents a residue arising from the alcohol 
moiety of the active ester). 
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Patentanspruche 

1- Durch Zytozid modifiziertes Immunglobulin der Forme! (I) 



O 




| pNCO-R-CONH-4-Ab 



n 



{worin Ab ein Immunglobulin Oder seine Fragmente, R eine zweiwertige organische Gruppe und n eine 
ganze Zahl von 1 bis 20 bedeuten). 
15 2. Durch Zytozid modifiziertes Immunglobulin nach Anspruch 1, dadurch gekennzeichnet, daft R in 
Formel (I) eine Alkylengruppe mit 2 bis 7 Kohlenstoffatomen bedeutet. 

3. Durch Zytozid modifiziertes Immunglobulin nach Anspruch 1 oder 2, dadurch gekennzeichnet, daft R 
in Formel (I) die Trimethylengruppe bedeutet 

4. Verfahren zur Herstellung eines durch Zytozid modifizierten Immunglobulins der Formel (I) 




(I) 



(worin Ab ein ImmunglpbulinvOder seine Fragmente, R eine zweiwertige organische Gruppe und n eine 
ganze Zahl, von -»V bis ^Qitaedeuten), 
dadurch gekennzeichnet, daft man ein Mitomycin C Derivat der Formel (II) 



CH 2 0C0NH 2 

OCH3 (II) 

CO-R-COOX 




CH 3 

6 



(worin R die fur Formel (I) angegebene Bedeutung hat und X einen Rest bedeutet, der von einem 
Alkoholteil des aktiven Esters stammt) mit einem Immunglobulin oder dessen Fragment reagieren 
laftt. 

Revendications 

1. Immunoglobuline modifiee par un agent cytocide, exprimee par la formule (I) 



CH 2 OCONH 2 

OCH3 | (d 

NCO-R-CONH-/-Ab 




60 (dans laquelle Ab represente une immunoglobuline ou ses fragments; R represente un groupe 
organicjue divalent; et n est un nombre de 1 a 20). 

2. Immunoglobuline modifiee par un agent cytocide selon la revendication 1, dans laquelle R, dans la 
formule (I), represente un groupe alkylene comportant 2 a 7 atomes de carbone. 

3. Immunoglobuline modifiee par un agent cytocide selon la revendication 1 ou 2, dans laquelle R, 
65 dans la formule (I), represente le groupe trimethylene. 
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4. Procede de preparation d'une immunoglobuline modifiee par un agent cvtocide exprimee par la 



formule (I) 



10 




(I) 



(dans laqueile Ab represente une immunoglobuline ou son fragment; R represente un groupe 
organique divalent; et n est un nombre entier de 1 h 20), frtrmM | p m\ avec une 

;5 caractlrise en ce qu'on fait reagir un derive de mitomycme C expr.me par la formule (II) avec une 
immunoglobuline ou son fragment 



NH 

20 

0 



0 

2 V JL_^ CH 2 OCONH 2 
I | l^NCQ-R-C 



(II) 

coox 



25 (dans laqueile R est tel que d6fini pour la formule (I); et X represente un reste provenant du 
groupement alcool de Tester actif). 
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FIG. I 
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Fl G.3 
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